The association of sleep with pain is well documented among adult populations. Even though both sleep problems and pain are prevalent in older adults, the longitudinal and bidirectional relationship between sleep deficiency (i.e. insufficient and poor sleep) and pain is less well established. This study investigated the association between sleep deficiency and pain among community-dwelling adults aged 65 years and older across a 2-to 3-year period. We analyzed cross-country data from the Nihon University Japanese Longitudinal Study of Aging (N = 2888) and the Panel on Health and Aging of Singaporean Elderly (N = 2111). Sleep deficiency was operationalized as self-reported short sleep duration (<6 hours), frequent restlessness during the night, and/or non-restorative sleep. Pain was characterized in terms of any pain, multiple pain locations, and pain-related disability. Demographics, smoking, nap duration, depressive symptoms, chronic conditions, and body mass index were included as covariates. Baseline sleep deficiency was associated with any pain, multiple pain locations, and pain-related disability among older adults at follow-up, although differences by country of residence were observed. In Singaporeans, sleep deficiency predicted the new onset of any pain, and any pain also predicted the new emergence of sleep deficiency. Improving sleep of older adults may improve pain-related symptoms and help intervene on the vicious cycle of pain and sleep deficiency.
Introduction
Sleep problems and pain are common among older adults. At least 30% of community-dwelling older adults report one or more sleep problems [1] , and 35% of older adults between 55 and 84 years report bodily pain daily [2] . Current evidence suggests that sleep and pain are inter-related among older adults [3] [4] [5] [6] . Sleep and pain also covary among older adults with insomnia [7] , suggesting that they may involve similar or overlapping underlying psychophysiological systems.
Both sleep quantity (e.g. sleep duration) and sleep quality (e.g. restlessness during the night, non-restorative sleep) are important to pain [3, 7, 8] . The majority of community-dwelling older adults have 7 or more hours of sleep per night [1] . However, sufficient sleep quantity may not guarantee good sleep quality and therefore may not translate to achieving physiological or perceived restoration [9] . In fact, over 80% of communitydwelling older adults still report at least one sleep complaint [10] . Such prevalent sleep problems and the unique relation of sleep quality to older adult objective sleepiness emphasize the importance of considering sleep quality and sleep quantity simultaneously when investigating the impact of sleep on pain in the older population.
Sleep deficiency, which represents the presence of short sleep duration and/or poor perceived sleep quality [11] [12] [13] , is associated with individuals' well-being [11, 13] . Sleep deficiency has been previously operationalized as having a short sleep duration (<6 hours), sleep problems, and/or non-restorative sleep [11] [12] [13] . Previous research has shown the link between each facet of sleep deficiency and pain among communitydwelling older adults. For instance, older adults with insomnia report more pain on days following nights with shorter sleep duration [7] . The frequency of trouble getting to sleep is positively associated with pain severity [14] , and improvement in sleep onset trouble predicts long-term improvement in pain severity [15] . Non-restorative sleep predicts new onset of widespread pain [3] . Diverse aspects of poor sleep quality (e.g. the total score of sleep onset, sleep maintenance, early morning awakenings, and difficulty with resuming sleep after early morning awakenings) are also associated with greater knee pain [16] . These studies suggest that older adults' sleep deficiency is a significant marker that may predict and be predicted by pain, multiple main locations, or pain-related disability [6] . None of these studies, however, have considered both sleep quantity and quality to capture the association of sleep deficiency with pain. In addition, most studies have not tested among painfree (or sleep-deficiency-free) individuals to evaluate whether sleep deficiency (or pain) predict the new onset of pain (or sleep deficiency) longitudinally, which can provide insights for practitioners to take preventive measures in the management of sleep problems and pain among older adults.
Sleep and pain may be affected by cultural affiliation; yet, most previous research has focused on Western countries, and we know little about the relationship between sleep deficiency and pain in Asian samples. Evidence suggests that the prevalence of sleep deficiency and the perception of pain differ between older adults in Asian and Western countries [17] [18] [19] [20] [21] . For example, Asian adults have a higher prevalence of short sleep duration than whites [17, 20] . Moreover, Chinese women exhibit less slow wave sleep compared to whites [21] . Regarding pain, Asians, in general, report lower pain threshold and tolerance than whites [18, 19] . Likely influenced by Confucian, Taoist, and Buddhist teaching and cultural mores [22] , Asians practice stoicism and have less emotional responses to pain than individuals in Western countries [23, 24] . Furthermore, pain care is influenced by public health agendas and health care reform plans that may differ by country [25, 26] . To understand the relationship between sleep and pain in Asian context, we draw upon two Asian country samples-Singapore and Japanwhere Confucian values are shared but also differ in terms of demographic characteristics of older adults and public health care services.
The goal of the present study was, therefore, to investigate the longitudinal and bidirectional relationship between sleep deficiency and pain by using two nationally representative samples of community-dwelling older adults in Japan and Singapore. We hypothesized that sleep deficiency at baseline would be associated with pain, multiple pain locations, and painrelated disability at follow-up. We also investigated whether sleep deficiency would lead to new onset of pain, multiple pain locations, and pain-related disability, as well as whether those pain outcomes would predict new onset of sleep deficiency.
Methods

Data and participants
We used longitudinal data from the Nihon University Japanese Longitudinal Study of Aging (NUJLSOA) and the Panel on Health and Ageing of Singaporean Elderly (PHASE). The NUJLSOA used a multistage stratified sampling method to recruit communitydwelling adults aged 65 years and older in 1999. To ensure that the sample represented the older population in Japan, the NUJLSOA oversampled those aged 75 years and over by a factor of two. The NUJLSOA sampled 4997 participants in 1999. The PHASE used a random sample of community-dwelling adults aged ≥60 years in 2009 from a national database. The PHASE oversampled those aged 75 years and over, Indians, and Malays by a factor of two to ensure the representativeness of older adults in Singapore. Therefore, the probability of being sampled for those who were Indians or Malays above age 75 were four times higher than their Chinese counterpart. The initial sample size of the PHASE was 4990 in 2009, and repeated interviews were conducted in 2011 and 2013. More information about the datasets can be found elsewhere [27, 28] .
We Our inclusion criteria were adults aged 65 years and older who completed the interview by themselves. Of the initial eligible sample of the NUJLSOA (n = 4504) at baseline, 475 responded the survey by a proxy, resulting in 4029 eligible baseline samples. Among these, 189 responded to the survey via proxy at follow-up, 931 individuals were lost to follow-up, and 21 did not provide educational attainment information. Thus, the final analytic sample size of the NUJLSOA was 2888. Table 1 displays the information on the variables from the NUJLSOA and PHASE and the coding methods. There were three measures of pain: any pain, multiple pain locations, and pain-related disability. We operationalized sleep deficiency as experiencing any of the following: short sleep duration (≤6 hours), frequent restlessness during the night (sleep is often restless), and non-restorative sleep (not at all/rarely/never feeling rested in the morning). Covariates included nap habit, sociodemographics (i.e. age, gender, education), smoking status, depressive symptoms, presence of chronic conditions, and body mass index (BMI). The BMI in NUJLOSA was calculated based on self-reported weight and height, which was shown to be reliable [29] . All models for the PHASE sample also included ethnicity (Chinese vs. non-Chinese) as a covariate. The same variables were measured repeatedly at baseline and follow-up in both the NUJLSOA and PHASE. One exception was that the NUJLSOA asked only multiple pain locations and pain-related disability at follow-up. Therefore, we considered individuals who reported any pain location or pain-related disability as experiencing any pain (coded as 1), otherwise no pain (coded as 0).
Measures
Analysis
We used descriptive analyses to present sample characteristics in the NUJLSOA and PHASE. Chi-square tests and independent t-tests were used to compare the two samples. To investigate whether sleep deficiency at baseline was related to any pain, multiple pain locations, or pain-related disability at follow-up, we employed multivariate logistic regressions adjusting for baseline pain measure, as well as covariates (model 1). We repeated the same analyses for each facet of sleep deficiency (models 2-4) and finally entered all three facets together in a single model (model 5) to examine which sleep item contributes most to the relationship between sleep deficiency and pain outcomes. We also conducted a sensitivity analysis to compare whether the association of sleep deficiency with a threecategory pain location variable (i.e. no pain, single pain location, and multiple pain locations) differed from the one with a twocategory pain location variable (i.e. no pain or single pain vs. multiple pain locations).
Next, we investigated whether baseline sleep deficiency predicted new onset of pain outcomes at follow-up while adjusting for covariates. For example, to investigate if sleep deficiency at baseline led to new onset of any pain at follow-up, the analysis included only older adults without any pain at baseline. We also investigated the opposite direction: whether pain at baseline predicted new onset of sleep deficiency at follow-up among those without sleep deficiency at baseline. These analyses were also repeated for each facet of sleep deficiency.
Baseline sampling weights were applied in all analyses; hence, the results would resemble the population compositions. Results were reported in odds ratio (OR) and 95% confidence interval (95% CI). All analyses were conducted using SPSS version 22 (IBM SPSS Statistics for Windows, Armonk, NY). Institutional Review Boards at the Nihon University and the National University of Singapore approved the current study. Table 2 displays the baseline characteristics of the participants from Japan and Singapore. Overall, the Japanese population was significantly older than Singaporeans. Gender composition was similar in these two populations. More Japanese tended to have at least high school education compared to Singaporeans. Compared to Japanese, Singaporeans were more likely to nap and had longer nap duration. There were more smokers in Japanese sample than in Singaporeans. Japanese reported more depressive symptoms but fewer chronic conditions than Singaporeans. Japanese also had a lower BMI. In terms of our main variables of interest, fewer Japanese reported any pain, multiple pain locations, and pain-related disability compared to Singaporeans. Compared to Japanese (26.00%), a higher proportion of Singaporeans had sleep deficiency (48.40%). For the specific facets of sleep deficiency, Singaporeans were more likely to have short sleep duration and non-restorative sleep than Japanese. Restlessness during the night was present at similar levels in both samples. Correlations between sleep measures at baseline and pain outcomes at follow-up can be found in Supplementary Table 1 . Figures 1-3 documented the percentage of individuals who met the criteria for sleep deficiency, any pain, multiple pain locations, and pain-related disability at baseline and follow-up. Table 3 shows results from multiple logistic regression models examining if sleep deficiency at baseline predicted pain outcomes at follow-up, adjusting for baseline pain measure and covariates. With a composite binary indicator of sleep deficiency (having short sleep duration, or frequent restlessness during the night, or non-restorative sleep) as a predictor, sleep deficiency at baseline predicted pain-related disability at the 3-year follow-up among Japanese (model 1-3) and predicted any pain (model 1-1 and multiple pain locations (model 1-2) at the 2-year follow-up among Singaporeans). Model 5 examined independent effects of each facet of sleep deficiency. For Japanese (model 5-3), among the three facets of sleep deficiency, only short sleep duration was a significant predictor, and it predicted only presence of pain-related disability. For Singaporeans (model 5-1), only nonrestorative sleep was a significant facet-level predictor, and it For categorical variables, the category that was coded as 0 served as the reference group in all analyses. All variables were measured repeatedly at baseline and follow-up. One exception was that the NUJLSOA asked only multiple pain locations and pain-related disability at follow-up. Therefore, we considered individuals who reported any pain location or pain-related disability as experiencing any pain (coded as 1), otherwise no pain (coded as 0).
Results
Baseline Characteristics
Sleep deficiency at baseline predicted presence of pain outcomes at follow-up
predicted only the presence of any pain. Full models can be found in Supplementary Tables 2 to 4 .
Results from the sensitivity analysis showed that, consistent with the 2-category of multiple pain locations (no pain or single pain location vs. multiple pain locations), sleep deficiency did not predict the three-category of multiple pain locations (no pain vs. single pain location vs. multiple pain location) in Japan (Supplementary Table 5 ). In Singapore, sleep deficiency remained a significant predictor for multiple pain locations compared to no pain, but not when the reference group was only a single pain location. Table 4 displays whether sleep deficiency (or pain) at baseline predicted new onset of pain (or sleep deficiency) at follow-up, adjusting for baseline covariates. The results revealed a bidirectional relationship between sleep deficiency and pain among Singaporeans, with pain being more consistently predictive of new onset sleep deficiency or its facets than was sleep deficiency of new onset pain. For Singaporeans who did not have any pain at baseline, sleep deficiency at baseline predicted new onset of pain at the 2-year follow-up (model 6-1). In the opposite direction, Singaporeans who did not have sleep deficiency at baseline were at risk of developing sleep deficiency by follow-up if they had any pain (model 6-2) or a pain-related disability (model 6-6). There was no evidence that sleep deficiency as a whole or in part impacts new pain or pain disorder development for Japanese, but like older Singaporeans, any pain at baseline for Japanese predicted new onset of sleep deficiency at the 3-year follow-up (model 6-2). Models 7 to 9 emphasize the facets of sleep deficiency that are predictive of, or predicted by, pain in older adults of each nationality. For both Japanese and Singaporeans, the predictive value of any pain predicting sleep deficiency appeared to be driven by the new onset of restlessness during the night (model 8) and for Singaporeans also by non-restorative sleep (model 9), but any pain did not predict new onset of short sleep duration for either group (model 7). In general, new onset of restlessness during the night was instigated by pain-related conditions for both Japanese and Singaporeans. Japanese older adults who did not experience restlessness during the night at baseline were more likely to develop restlessness at follow-up if they experienced any pain (model 8-2), multiple pains (model , and pain-related disability (model 8-6) at baseline. Similarly, older Singaporeans without restlessness during the night at baseline were at increased odds of developing restlessness during the night at follow-up if they experienced any pain (model 8-2) or pain-related disability (model 8-6) at baseline. Notably, associations of non-restorative sleep with pain-related conditions were only found in older Singaporeans. Older Singaporeans who had restorative sleep at baseline were more likely to develop new onset of non-restorative sleep at follow-up if they experienced any pain (model 9-2), multiple pain locations (model 9-4), or pain-related disability (model 9-6) at baseline. Full models can be found in Supplementary Tables 6 to 9 .
Predicting the new onset of sleep deficiency and pain
Discussion
This study examined the longitudinal and bidirectional relationship between sleep deficiency and pain among community-dwelling older adults using nationally representative samples from Japan and Singapore. Our results uniquely demonstrate that sleep deficiency at baseline predicts any pain, multiple pain locations, and pain-related disability at follow-up. Given that sleep, pain, and depression are interconnected [4, 30] , controlling for baseline depressive symptoms and pain while estimating the effects of baseline sleep deficiency on follow-up pain increases our confidence in interpreting sleep deficiency as a predictor of pain-related conditions at follow-up. Capitalizing on longitudinal data, we further examined whether sleep deficiency predicted new onset of pain-related conditions years later among those without such conditions at baseline, and vice versa. We found evidence that baseline sleep deficiency led to new onset of any pain at follow-up and that any pain at baseline can also lead to the emergence of sleep deficiency with an emphasis on developing restless sleep. The current study elucidates how the known sleep-pain relationship is constituted and presents among communitydwelling older adult samples, and how that relationship extends to the broader older adult population outside of a hospital setting [6] . Some have demonstrated the sleep problems of older adults in the context of pain severity or number of pain locations [4, 14, 16, 31] , but the predictive value of this relationship among older adults has been examined only in the sleep-to-pain direction, and only for acute, day-to-day variations [7, 8] . Similarly, rigorous support for a predictive directionality from pain-to-sleep, and in a more macro-time scale, were previously lacking. Our findings may provide implications for public health policies targeting both sleep deficiency and pain.
At the most basic level, for both Japanese and Singaporean older adults, a composite indicator of sleep deficiency was predictive of pain-related conditions longitudinally. Specifically, for Japanese, having sleep deficiency at baseline with an emphasis on short sleep duration (less than 6 hours per night) was associated with higher odds of experiencing pain-related disability at follow-up independent of baseline pain-related disability condition. For Singaporeans, having sleep deficiency with an emphasis on non-restorative sleep at baseline was associated with higher odds of having any pain and multiple pain locations at follow-up, independent of baseline pain conditions. As such, facets of sleep deficiency varied between Japanese and Singaporean older adults in their independent predictive values for pain outcomes. These findings indicate that facets of sleep deficiency may be sensitive to a specific population and that Significant effects are bolded. All models adjusted for each baseline pain measure, nap duration, age, gender (female), education, smoke, depressive symptoms, chronic conditions, and body mass index. All models using Singaporean data also adjusted for ethnicity (Chinese).
a Sleep deficiency was defined as having at least one of the following: short sleep duration (sleep less than 6 hours), frequent restlessness during the night (sleep is often restless), non-restorative sleep (not at all/rarely/never feeling rested in the morning).
b Model 5 examined the independent effect of each sleep problem after adjusting for the effects of the rest two sleep problems.
*p < .05; ** p < .01.
we may overlook important predictive associations if we assess only one sleep facet; for example, short sleep duration was the most typical outcome evaluated among previous studies [32] . It also appears that sleep quantity (duration) may be a more resilient facet of sleep than sleep quality (restlessness or restorative value), given increased odds of presenting with a sleep quality problem in the presence of pain while sleep quantity problem risk remained stable. Our composite measure of sleep deficiency assessed both sleep quantity and quality, and therefore captures a wider range of sleep behaviors and problems [11] [12] [13] . Future research concerning the impact of sleep on health could consider more diverse aspects of sleep deficiency, especially given the known relationship between sleep fragmentation and clinical measures of older adult sleep pressure [9] . Several studies using cross-lagged panel model and systematic review have shown the reciprocity and direction of causality between sleep and pain [6, 33, 34] . Our findings add to the current literature by revealing that the new development of sleep deficiency and pain were affected by the presence of alternate condition at baseline among older Japanese and Singaporeans. To the best of our knowledge, no studies have previously evaluated the two competing temporal associations between sleep and pain among older adults in a rigorous longitudinal analysis. Our analytic approach examining whether sleep deficiency at baseline predicted pain-related conditions at follow-up among those without such pain conditions at baseline (and vice versa) allowed us to make stronger inference. Specifically, the effects of sleep deficiency (or pain) on the new development of pain (or sleep deficiency) were fairly large. Among older Singaporeans who had no pain at baseline, the odds of developing new onset of pain at follow-up increased as much as 40% if they experienced sleep deficiency (in any form as short sleep duration, restlessness during the night, and/ or non-restorative sleep) at baseline. Moreover, among older Singaporeans who did not have sleep deficiency at baseline, the odds of developing sleep deficiency at follow-up increased to over double the likelihood if they experienced any pain at baseline.
The ability to obtain the needed sleep hours may be affected by poor sleep quality (e.g. restlessness during the night) which can be a result of physical or mental illnesses accompanied with advanced age [35] . In our study, we did not find a consistent factor in the relationship between sleep deficiency and pain across the two countries. However, when investigating new onset of sleep deficiency and pain, sleep quantity did not predict nor was it predicted by pain variables, while new onset of poor sleep quality (both restlessness during the night and non-restorative Table 4 . Adjusted logistic regression examining if sleep and pain variables at baseline predicted the incidence of pain and sleep outcomes at follow-up, respectively (weighted) Japan Singapore
sleep) was anticipated by pain conditions. Our results, therefore, suggest a potential need for interventions to focus on improving sleep quality for older adults with existing pain, in addition to sleep quantity interventions for those who may already struggle with a pain-related condition. Our results have policy implications for what appears to be a specific, impactful contributor to the sleep-pain relationship for older adults that have not yet been highlighted in the literature: the unique contribution of sleep quality in addition to sleep quantity. Despite overall awareness in the sleep literature of sleep quantity's acute impact on pain, there is a dearth of information considering the impact of sleep quality and quantity on pain simultaneously, especially in older adults. Our present analyses considered frequent restlessness during the night and non-restorative sleep, each a measure of sleep quality, in addition to sleep quantity (fewer than 6 hours). The perceived restoration granted by sleep in the morning was predictive of any new pain onset at longitudinal follow-up for Singaporeans, which was above-and-beyond the impact of insufficient sleep quantity alone (Table 3 , model 5-1 in Singapore). In fact, sleep quantity <6 hours was not a significant predictor of new pain presentation or disability in the absence of preexisting pain for either nationality. This observation also implicates sleep continuity as an important factor potentially contributing to physical restoration and pain in older adults more broadly [6, 9, 35] .
Our findings also contribute to understanding the association between sleep and pain among older adults in Asians. Most studies concerning cross-country differences in sleep and pain have focused on Western samples [17, [36] [37] [38] . There is limited research examining sleep and pain among Asian older adults. Currently, only one cross-sectional study investigated such relationship among Japanese older adults, but found no relationship between bodily pain (i.e. lower back pain) and poor overall quality of sleep [39] . The null finding was likely because the researchers only recruited healthy older adults and had a relatively small sample size. In our study, we had a bigger sample size and used national representative samples to cover a wider spectrum of participants. Moreover, we considered multiple pain-related measures (i.e. any pain, multiple pain locations, and pain-related disability) and multiple aspects of sleep deficiency and found the significant relationship between sleep deficiency and pain. Furthermore, our two-country data from Japan and Singapore allowed us to examine cross-country differences and similarities. In terms of differences, we found that a higher proportion of Singaporean sample had sleep deficiency and pain-related issues than the Japanese sample at baseline (Table 2) , which might also have contributed to the longitudinal relationship between sleep deficiency and pain. Although results differed depending on specific pain measures, both countries were similar in that having sleep deficiency lead to pain. Besides, any pain at baseline predicted new onset of sleep deficiency at follow-up, among those without sleep deficiency at baseline. The two country groups were also similar in that none of the pain-related predictors anticipated new presentation of short sleep duration at follow-up, while all of the pain-related predictors anticipated a new problem with sleep quality at follow-up. Which of the sleep quality facets (restlessness during the night or non-restorative sleep) may occur at follow-up could depend upon cultural differences in sleep behaviors between nationalities [38] . This suggests that public health policies and practitioners in each country may need to take different approaches when targeting to improve sleep problems and reduce pain among older adults.
A recent review aiming to examine the directionality between sleep and pain concluded that sleep problems were a stronger predictor of pain than pain was of sleep problems [6] . Such conclusions were based mostly on Western samples. Thus far, the only study using a Chinese sample tested only one direction, the impact of sleep on pain, but not the pain-to-sleep direction.
In the current study that tested both directions, we found that pain was more likely to be a predictor of sleep problems than sleep problems of pain (Table 4) . The different directionality found in this study may suggest different mechanisms linking sleep and pain between Asian and Western countries. Future work could consider how cultural values and practices may help explain the differences and similarities between Japan and Singapore (e.g. stoicism) [23, 40] that may inform clinical practice.
Limitations and future directions
This study has limitations. First, we defined sleep deficiency as having at least short sleep duration, frequent restlessness during the night, and/or non-restorative sleep. Although our measure of sleep deficiency includes both sleep quantity and sleep quality, the three dimensions may not be sufficient to capture various issues in sleep deficiency [41] . Future studies on sleep deficiency should try to tap on more diverse sleep dimensions. Second, we used self-reported sleep and pain measures, which may be prone to common-method bias [42] . Future research may need to consider using objective markers of sleep (e.g. actigraphy) and pain (e.g. algometer or cold-pressor), which may lend more precision to track temporal changes between sleep quantity/quality and pain. Third, due to data limitation, we were unable to examine the association between sleep deficiency and pain severity. Future analysis could test the effect of sleep deficiency on pain severity among older adults. Fourth, data for the treatments for sleep problems and pain were not available. It is likely that older adults who experience sleep problems and pain may have received interventions, for example, cognitive behavioral therapy or medications, which could have improved the perceived sleep problems and pain. As such, our estimations are conservative. Future studies could consider sleep treatments as a covariate, or as an intervention focus. Fifth, in our study, the measurement time points between Japanese and Singaporean samples were not consistent (Japan: 2003 and 2006, Singapore: 2009 and 2011). It is possible that the longer time gap between baseline and follow-up in Japanese sample (3-years follow-up) contributed to the null effects of baseline sleep deficiency on any pain and multiple pain locations at follow-up (while significant effects were found in Singaporean sample, at 2-years follow-up). It is also possible that unmeasured historical events have influenced Japanese and Singaporean older adults differently. Future studies targeting cross-country comparisons may need to plan data collection within the same time frame and consider whether cultural values may affect their interpretation of "restlessness" or "refreshed" sleep quality questions. Lastly, in this study, we were interested in whether sleep deficiency was associated with general pain-related conditions among community-dwelling older adults. Building on our work, future research could further examine the predictive relationship between sleep deficiency and specific pain (e.g. back, hip, or specific disease-related pain).
Conclusion
This study examined the longitudinal relationship between sleep deficiency and pain among community-dwelling older adults in Japan and Singapore. The major insights from the current study are (1) sleep deficiency that considers both sleep quantity and quality predicts any pain, multiple pain locations, and pain-related disability, independent of known risk factors of pain; (2) sleep deficiency predicts new onset of any pain, and vice versa; (3) for older adults, sleep quality may be more susceptible to compromise when pain is present than sleep duration; and (4) there are similarities and differences between countries in the associations between sleep deficiency and pain. Improving sleep deficiency may decrease pain-related functional limitations among older adults and help intervene on an exacerbating cycle of pain and sleep deficiency.
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